[Received October 15, 1998; Accepted1. Introduction Highly reduced niobates consisting of two-dimensional in tergrowths of NbO and ANbO3 perovskite slabs have at tracted attention for their unique structures and high conductivity.1) These compounds can be expressed as AnNbn+3mO3n+3m, where m and n denote the thickness of the NbO and perovskite slabs, respectively. Most of the studies have been directed towards the synthesis and pro perties of compounds, where the A site is a divalent cation (Ba,2)-9) Sr,2),10)-12) and Eu13)).
The compound ANb4O6 (m=n=1) represents the simplest structure in this series, and consists of alternating single slabs of NbO and AO. BaNb4O6 has been successfully isolated, and reported as to be a metallic conductor.5),6) However, the potassium analogue, KNb4O6, has only been obtained as a mixture with KNbO3 or NbO,2),14) and conse quently its the electrical properties are still unknown. The presence of intergrowth defects as well as the difficulty in preserving the nominal composition seem to be the major problems encountered during the synthesis of KNb4O6.2), Svensson reported the formation of the 'KNb4O6 phase' when the nominal cation ratio was Nb/K=2.5 (K2Nb5O6) and Nb/K=4 (KNb4O5.5). The cation ratios obtained from energy dispersive spectroscopy for both of these crystal fragments were Nb/K=3.2.14) The discrepancy between the observed cation ratio of Nb/K=3.2 and the expected Nb/K=4 are discussed based on the formation of in tergrowth defects within the 'KNb4O6 phase.' As shown in Scheme 1, the structure of KNb4O6 can be derived by the simple substitution of every other [KO] layer in KNbO3 for a [Nb2O] layer. Such structural similarity is one reason as to why intergrowth defects are observed in the 'KNb4O6 phase. '14) The present study provides a detailed characterization of the phase formation behavior with various compositions in the K-Nb-O system. As the reported 'KNb4O6 phase' has been obtained with cation ratios of Nb/K=4.0 and 2.5,2), samples with cation ratios ranging from Nb/K=4.0 to 2.0 were studied. Attention has been paid to the structural characterization of the final product with emphasis placed on the intergrowth defects within the KNb4O6 phase as a function of the Nb/K ratio. Table 2 .
The pattern fitting for x=0.4 (RWP=11.67, Re=3.06%) was not as good as that for x=1.0, as can be seen from the difference between the observed peak intensity, yobs, and Further support for the presence of intergrowth defects was obtained from the Rietveld results. In the Ba-Nb-O system, changes in the intensity ratio of the (110)/(103) XRD peaks of Ba2Nb5O9 were observed when the nominal Ba/Nb ratio was varied.17) This was ascribed to the presence of intergrowth defects. The poorer Rietveld results for x=0.4 compared to those for x=1.0 are probably due to the variation in the intensity ratio of the XRD peaks. 4. Conclusions The KNb4O6-type compound was synthesized by the solid-state reaction of oxides and Nb metal. The KNb4O6-type compound was obtained as the major phase when x=0.4. TEM images showed intergrowth defects which were ascribed to KNbO3 perovskite slabs within the KNb4O6-type compound for x=0.4, leading to a KNbO3-rich phase. When x=1.0, practically no intergrowth defects were observed. Further evidence in support of the presence of intergrowth defects was obtained from Rietveld analysis. The resistivity behavior for the x=0.4 and 1.0 samples showed semiconducting properties.
